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Abstract 
This paper focused on the thermal and thermo-catalytic pyrolysis of refuse derived fuels (RDF) and municipal plastic 
wastes (MPW) in a batch reactor at 450°C. Two commercialized zeolite catalysts were used in order to enhance the 
quality of the feedstocks petrochemical productions (e.g. olefin rich pyrolytic oils). Analyses of products were carried out 
using GC, FTIR, EDXRFS and SEC. It was discovered that the presence of catalysts in the processes have a considerable 
effect not only on the quantity of product yields but also to the product compositions. X-ray analysis had demonstrated 
significant contaminant levels in each product obtained from only RDF pyrolysis. Characterization of pyrolytic oils 
indicated the existence of hydrocarbons between C5 and C29, with different structures (isomers). New routes for the 
utilization of products obtained by waste plastic pyrolysis have been investigated. α-olefin-succinic-anhydride 
intermediate based additives have been developed and tested in polymer blends. 
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1. Introduction 
The total worldwide mass of wastes was over 4.5 billion tones in 2010. The sudden increase of different 
types of wastes amount has inspired studies on recycling/reusing wastes to generate more suitable and 
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environmental friendly products. There are several methods of recycling waste materials of which one of them 
is pyrolysis. During pyrolysis, wastes are converted into hydrocarbons, which have similarities with fractions 
of products obtained by refining from petrochemical sectors, rendering them applicable as petrochemical 
feedstocks.  Scientific papers have reported that the yields and quality of pyrolytic products could be modified 
by using catalysts. However, the utilization of a catalyst have led to cost increments due to several factors 
such as adequate positioning of the catalyst inside the reactor, maintenance and further handling in the 
pyrolysis process [1-4]. Generally, municipal plastic waste (MPW) generated from different areas and refuse 
derived fuels (RDF) have been used as raw materials in pyrolysis processes. Due to the different compositions 
of MPW and RDF, their decomposition is also different. Major products of pyrolysis which are gas, liquid and 
char were found to be different both in yields and compositions; or even the contaminant levels were variable. 
On the other hand the costs of producing RDF as raw material should be significantly lower, compared to the 
costs involved in collecting MPW. Products of pyrolysis are able to be utilized not only in the energy sector, 
but also in additive applications. 
The aim of this study was a comparative analysis of RDF and MPW pyrolyses producing fractions of 
hydrocarbons. Products have been characterized as petrochemical feedstocks, and the ability of products in 
petrochemical application has been investigated. The product of pyrolysis is an olefin-rich raw material which 
can be used as a synthesis additive hence a substitute for the expensive synthetic α-olefins. 
2. Experimental 
2.1.  Raw materials 
Both RDF and MPW samples were shredded and milled into small particle sizes up to 5 mm dimension. 
Previous experiments have discovered RDF consisted of 59.8% plastics, 33.7% papers and other wastes, 
while MPW consisted of 98% plastics and 2% others. Based on the FTIR spectrum, it was found that the 
plastic fractions of RDF were 64.6% of polyethylene, 17.5% polypropylene, 10.1% polystyrene and 7.8% of 
other plastics, while MPW contained 61.4% polyethylene, 21.3% polypropylene, 9.4% polystyrene and 7.1% 
others. Two types of zeolite catalysts were used in order to enhance the degradation of raw materials and 
modify both quantity and quality of pyrolytic products – especially oils. The zeolite catalysts were named as 
“Catalyst 1” and “Catalyst 2”, have 239 μm/g and 398 μm/g BET surface and 127 μm/g and 239 μm/g 
microporous surface areas, respectively. It was found that the acidity of both catalysts were significantly 
different. 
2.2.  Apparatus for pyrolysis 
Pyrolysis of raw materials was carried out in a batch reactor at 450 ºC, both in the absence and presence of 
catalysts (Fig. 1). The thermo-catalytic pyrolysis applied 5% catalysts of the total amount of raw materials 
into the process. Both processes used nitrogen (5dm3/h) for inert atmosphere.  
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Fig. 1. Layout of the pyrolysis process 
2.3. Product analysis 
Gaseous product and pyrolytic oil produced from the experiments were analysed by different gas-
chromatographs. Analysis of hydrocarbons compositions were then performed by a TENSOR 27 type FTIR 
spectrometer. Contaminants were determined by a PHILIPS MiniPal PW 4025/02 EDXRFS instrument. 
Determination of other properties was carried out according to the standardized methods. 
3.  Result and discussion 
3.1.  Product yields 
The reaction yields from both experiments are shown in Table 1, which were calculated based on the 
product weights. Considerable differences are observed in the products obtained from MPW and RDF, with 
and without catalysts. MPW pyrolysis has given higher proportion of valuable hydrocarbons: gas (12.8-30.9%) 
and pyrolytic oil (37.9-60.4%). Water was found in the products from RDF pyrolysis (8.4-9.1%), which could 
be from the paper composition in RDF. Significantly higher yields of volatile products were obtained in the 
presence of catalysts. The “Catalyst 2” has enhanced the percentages of volatile yields. Similarly by results of 
others, due to the higher non-combustible content of the RDF, it was observed that the solid residue content 
produced was high (21.1%, 25.9% and 26.9%) [3-6]. 
Table 1. The yield of product 
 RDF MSW 
 Non catalytic Catalyst 1 Catalyst 2 Non catalytic Catalyst 1 Catalyst 2 
Gases 11,3 21,4 25,1 12,8 25,8 30,9 
Water 8,4 9,1 8,9 0 0 0 
Pyrolytic oil 31,7 41,5 39,1 37,9 54,2 60,4 
Heavy oil 27,5 2,1 0 48 13,9 2,8 
Residue 21,1 25,9 26,9 1,3 6,1 5,9 
3.2. Gases 
Gas-chromatography analyses have discovered the gaseous products contained hydrocarbons were in the 
range of C1 and C5. The decomposition of the RDF sample has given higher methane yield (15.1-20.4%), 
compared to MPW pyrolysis (8.2-10.5%). The dominant fractions of gaseous products were C2 (25.8-37.3%) 
and C3 (23.1-32.9%). However, the yields of these two hydrocarbons were affected by the presence of 
catalysts in both raw materials. The yield of C5 fraction was relatively constant (4.3-5.1%), while the C4 
hydrocarbon quantity was high in the presence of catalysts, because their percentage was lower in thermo-
catalytic cases. Furthermore, significant isomerisation of main carbon frame was observed in the gas products 
obtained from the thermo-catalytic pyrolysis. RDF pyrolysis produced considerable CO and CO2 compounds 
in gases, which could be due to the paper content in the RDF. Similar results have been found in experimental 
work of others [4,5]. 
3.3. Pyrolytic oils 
The compositions and main properties are summarized in Table 2. It is important to note that pyrolytic oils 
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from RDF pyrolysis contained water, oxygenated hydrocarbons, naphthanes and other hydrocarbons. The 
presence of di-olefin content was found to be significantly higher than the pyrolytic oils from MPW. It was 
discovered that the properties of pyrolytic oils from RDF are unfavourable for further petrochemical 
utilization. The di-olefins have high ability for formation of resin, while the thermal and storage stability of 
oxygen containing hydrocarbons are very low. GC analyses results showed the characterization of 
hydrocarbon composition of pyrolytic oils were between C5 and C29. The thermo-catalytic pyrolysis had 
produced relatively higher concentrations of hydrocarbon below C12 compared to the thermal pyroylsis for 
both MPW and RDF. Significant carbon frame isomerisation was found in the presence of catalysts in both 
samples which could be caused by the increasing of hydrocarbons with branched structure. The pyrolytic oils 
contained Na, N, S, P, Cl and Br contaminant concentrations were higher in RDF pyrolysis than in the MPW 
oils. However, the level of contaminants decreased in the presence of catalysts. The density and acid contents 
in products were in the range of 0.774-0.789 g/cm3 and 23-33 mg KOH/g depending on the reaction 
parameters, respectively. The boiling point range of the pyrolytic oils was quite broad, which covered the 
boiling point range of naphtha and pyrolysis gas oils. 
Table 2. The composition and the main properties of pyrolytic oils 
 RDF MSW 
 Non catalytic Catalyst 1 Catalyst 2 Non catalytic Catalyst 1 Catalyst 2 
i-paraffin, % 3.9 10.7 13.7 9.5 19.1 27.4 
n-paraffin, % 35.8 23.5 16.6 28.1 10.7 5.3 
mono-olefin, % 28.9 33.2 35.8 52.7 58.9 51.3 
di-olefin, % 8.5 7.3 6.9 0.8 0.6 0.9 
Aromatic, % 10.6 15.4 17.4 8.9 10.7 15.1 
Naphthane, % 1.4 2.7 3.8 - - - 
Oxygenated, % 9.8 6.3 4.2 - - - 
Water, ppm 619 587 629 - - - 
Density, g/cm3 0.789 0.785 0.782 0.788 0.775 0.774 
Acid number, mg KOH/g 33 26 23 - - - 
Corrosion test 2.a 2.a 2.a 1.a 1.a 1.a 
IBP, °C 25 26 23 27 23 24 
FBP, °C 295 292 294 292 294 291 
N, ppm 2120 2085 1410 39 22 21 
Na, ppm 547 437 339 - - - 
S, ppm 1810 1821 1395 145 129 92 
P, ppm 379 314 231 - - - 
Cl, ppm 1643 1599 1103 1027 649 513 
Br, ppm 264 268 206 67 49 33 
3.4. Additives for polymers from hydrocarbon products 
The additive synthesis was carried out in the temperature range of 100°C and 200°C in organic solvent, 
depending on the reaction steps. The raw materials were maleic-anhidryde (MA) and olefin-rich pyrolytic oil 
fractions obtained from products of pyrolysis. The structure of experimental coupling agents could be 
proposed as shown in Fig 2.  
 
268   N. Miskolczi et al. /  APCBEE Procedia  3 ( 2012 )  264 – 269 
Fig. 2. Structure of polyalkenyl-poly-maleic-anhydride-based coupling additives (where ҏǂis –OH or –O-R, ǂ is aromatic group or linear 
alkyl or branched alkyl group) 
The synthesized additives have been tested in HDPE/PA blends. Table 3 gives more detail about the results. 
It was found that among others the experimental additives were able to increase the tensile strength of 
polymer blends with 5-27% or E-modulus with 2-21%. The Charpy impact strength could be also increased 
by maximum 12% in the presence of additives. 
Table 3. The yield of product 
 HDPE/PA blends without additive HDPE/PA blends with additives from MSW 
 Non catalytic Catalyst 1 Catalyst 2 
Tensile strength, MPa 15.8 20.1 16.6 18.1 
E-modulus, MPa 1850 2230 2120 2190 
Flexural strength, MPa 19.5 21.4 20.6 22.1 
Charpy impact strength, kJ/mm2 5.6 6.2 5.9 6.3 
Shore hardness 85 83 82 82 
4.  Conclusion 
Pyrolysis in the batch reactor resulted in the production of gases, pyrolytic oils, heavy oils and solid chars. 
MPW pyrolysis has given a higher proportion of valuable hydrocarbons, while the content of water that 
reduced the quality of pyrolytic oils was found only from RDF. Significantly higher yields of volatile 
products were obtained in the presence of catalysts. Gaseous products contained hydrocarbons in the range of 
C1 and C5. Isomerisation of the main carbon frame was observed in the gas products obtained from thermo-
catalytic pyrolysis and RDF pyrolysis has given considerable concentrations of CO and CO2 compounds in 
gases. The pyrolytic oils characterization showed the hydrocarbon range was between C5 and C29. Pyrolytic 
oils contained water, oxygenated hydrocarbons and naphthanes and other hydrocarbons were only obtained 
with RDF pyrolysis. Significant carbon frame isomerisation was found in the presence of catalysts in both raw 
materials. Pyrolytic oils produced contained Na, N, S, P, Cl and Br contaminants. Owing to the high α-olefin 
content of products there is a possibility to replace the expensive α-olefin reactants. The synthesized additives 
had efficiency in HDPE/PA polymer composites. 
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